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ABSTRACT 
In order to understand the effects of anthropogenic air pollutants on atmospheric heat budget, the radiative 
properties of aerosols were investigated over the urban area of Nagoya. Measurements included size distributions 
of aerosols greater than 0.3 μm in diameter, scattering coefficients and absorption coefficients. The mean 
values with standard deviations for hourly averages of scattering coefficients, absorption coefficients and single 
scattering abledos were reported to be 52.3±39.3Mm-1, 24.6±18.3Mm-1 and 0.66±0.13 respectively. Such low 
values of single scattering albedos suggest that aerosols of the urban area of Nagoya are highly absorptive in 
nature, which have a potential to warm our climate. Comparison of our results with other polluted cities of US 
and China were also performed. Mass scattering efficiency of dry aerosols and mass absorption efficiency of 
black carbon over the urban area of Nagoya were found to be around 4.7m2g-1, and 14.6m2g-1 respectively. 
Before and after the rain events, diurnal variations of radiative properties were observed. Such diurnal variations 
were suggested to be driven by local pollutants rather than meteorological changes throughout the day. The 
prominent peaks of black carbon concentrations and absorption coefficients during morning were suggested to 
be the effects of local sources such as burning and vehicles whereas peaks of scattering coefficients observed 
during afternoon were found to be the effects of photochemically driven aerosol production. Two different 
effects of rain events on scattering coefficients were also observed.  It was estimated by the observation data 
that the rain events reduced scattering coefficients by washing out coarse and accumulation mode aerosols, 
whereas the continuous rain events increased scattering coefficients by condensing water vapor to non-washed 
aerosols of the atmosphere.  
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1. INTRODUCTION 
An estimate of the total global radiative forcing due to the direct and indirect effects of 
atmospheric aerosols has become a subject of debate in recent years. Unlike well-mixed 
greenhouse gases, the climatic impact of anthropogenic aerosols is still subject to large 
uncertainties [Penner et al., 2001]. Spatial and temporal variations of aerosols with short life 
time in the atmosphere, seasonal nature of aerosol emissions, insufficient information 
regarding the mixing state of aerosols in the atmosphere and nonuniform relative humidity 
dependency of physical and optical properties of different aerosol species have arisen 
difficulties to accurately model the radiative forcing of aerosols in a global scale. For this 
reason, it is very necessary to measure and study the aerosol radiative properties at various 
locations around the Earth. 
Several field campaigns such as ACE1, ACE2, INDOEX, TARFOX, LACE98 and APEX 
were designed to investigate the aerosol properties at different parts of the Earth to reduce 
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existed scientific uncertainties. However the role of aerosols over polluted urban areas that 
contain highly absorbing boundary layer particles is still not very well investigated. To our 
knowledge, there have not been measurements of aerosol radiative properties reported for the 
urban area of Nagoya (3507’N, 136058’E). The existence of costal industrial zones at around 
Nagoya port with heavy industries such as iron and steel, an oil refinery, petrochemicals, gas 
production, power generation, and so on emit a large amount of anthropogenic aerosols. 
Further, air pollution by automobile exhaust is also high in Nagoya. The major components of 
Nagoya urban aerosols are reported to be organic aerosols and elemental carbon [Kadowaki, 
1990]. Kasahara et al. [2000; Personal communication] also reported of around 51% of 
elemental carbon in this region. Aerosols with high fraction of light absorbing black carbon 
have a potential to warm our climate. In recognition of this situation, it is of interest to study 
optical properties of aerosols over the urban area of Nagoya. 
 
2. INSTRUMENTATION AND DATA 
Aerosol measurements were made at the 5th floor of Hydrospheric-Atmospheric 
Research Center (HyARC) of Nagoya University located in the east section of the city. The 
experimental place is unique in that traffic is for the most part prohibited on campus and 
therefore the measurements don’t include short-term peaks from very nearby mobile 
sources, but instead reflect the broad average conditions over the eastern Nagoya. A 
nephelometer (Model M903, Radiance Research) was used to measure the light scattering 
coefficient(σsp) at 530nm. The instrument was calibrated prior to the experiment using 
clean (particle-free) air as well as CO2 for the span gas. The light absorption coefficient (σ
ab) was measured at 565nm using a Particle Soot Absorption Photometer(PSAP) (Radiance 
Research). At the same time mass concentration of black carbon was measured using a 
7-wavelength “Spectrum” aethalometer (Model AE 30, Magee Scientific). Number 
concentrations of aerosol particles larger than 0.3μm in diameter were measured using 
Laser Particle Counter (LPC) (Model TF-500,Kanomax). Meteorological data were 
obtained from Nagoya Regional Observatory, JMA. 
 
3. RESULTS AND DISCUSSION 
3.1. TIME SERIES OF AEROSOL RADIATIVE PROPERTIES 
Figure1 shows statistical analysis of daily scattering coefficient and black carbon 
concentration(μg/m3) of aerosols from July 23, 2004 to September 5, 2004. The measured 
scattering coefficients ranged from 5 Mm-1 to 222 Mm-1, resulting in a mean value with 
standard deviation of 52.3±39.3Mm-1. Similarly the measured black carbon (measurement 
made by aethalometer at 880nm wavelength) concentration ranged from 0.1μg/m3 to 8.0μ
g/m3 , resulting in a mean value with standard deviation of 1.7±1.25μg/m3. The measured 
scattering coefficients showed excellent correlation with total number of particles measured  
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by LPC (R2=0.98). There was not a clear relationship between total particle number 
concentration, scattering coefficient and black carbon concentration with wind speed. On the 
other hand, particle number concentration and scattering coefficients showed relationship with 
wind direction. Statistical analysis results showed that westerly winds reaching the 
observation site were characterized by relatively high particle number concentrations and high 
scattering coefficients whereas south south easterly and south easterly winds reaching the 
observation site were characterized by comparatively low particle number concentrations and 
low scattering coefficients. Not surprisingly, the coastal industrial zones which is the main 
source of anthropogenic aerosols are located at the west side of observation site whereas 
pacific ocean is located at the south south east and south east direction of the observation site. 
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Figure 1. Time series of the scattering coefficients (Upper) at 530nm and mass concentrations of black carbon 
(Lower) at urban area of Nagoya, between 23 July and 5 September. Boxes are determined by the 25th and 75th 
percentiles, and whiskers are determined by the 5th and 95th percentiles. Close circles with the solid line and open 
circles show the daily mean and median of hourly averaged data respectively. 
 
Two effects of rain events were observed during the entire study period. The first effect 
showed the decrease of scattering coefficients and the second effect showed the increase of 
scattering coefficients. Sharp decrease of scattering coefficient on 26 July after a light rain 
event on 25 July, the lowest scattering coefficient detected on 2 August followed by a  
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continuous decrease of scattering coefficients from 28 July due to frequent rain events 
observed on 28 July, 29 July, 30 July, 31 July, and 1 August and decrease in scattering 
coefficients from 22 August till 25 August followed by frequent rain events on 22 August, 23 
August, 24 August, and 25 August were suggested due to washout of atmospheric aerosols by 
rain events. The second effect showed the increase of scattering coefficient during rain events. 
Most probably rain events occurred on 29 August and 30 August had greatly washed out the 
aerosols of the atmosphere and the increase of scattering coefficients from 30 August to 2 
September were due to the effects of relative humidity. It should be noted that nephelometer 
was not completely drying the aerosol, and therefore a significant amount of measured light 
scattering was due to condensed water. More or less similar effects of rain events were 
observed on mass concentrations of black carbons. Chen et al. [2001] suggested that 
elemental carbon from atmosphere is removed primarily through precipitation scavenging 
after it is internally mixed with salts (such as sulfate) and becomes soluble. The precipitation 
scavenging of black carbon suggested that black carbon might have internally mixed with 
sulfate in the urban area of Nagoya. 
With the estimated absorption efficiency of black carbon as 14.6 m2/g in the urban area 
of Nagoya (see section 3.3), absorption coefficients were calculated from mass concentration 
of black carbon to estimate single scattering albedos of aerosols. The mean value with 
standard deviation of the overall experimental period was found to be 0.66±0.13. Note that 
the average single scattering albedo may increase by certain percentage after correcting 
absorption coefficient data measured by PSAP instrument for both light scattering and 
instrument overestimation as described by Bond et al. [1999] and after correcting angular 
truncation of nephelometer. This part of work is on progress and will be reported during the 
presentation. The previous study reported the single scattering albedo of around 0.55 from the 
analysis of physical and chemical properties of urban aerosols of Nagoya [ Kasahara et al., 
2000; Personal communication]. Overall, it was found that aerosols of Nagoya are highly 
absorptive in nature, which have a potential to warm the climate. 
 
3.2. DIURNAL VARIATION OF AEROSOL RADIATIVE PROPERTIES 
Before and after the rain events all the aerosol properties exhibit a characteristic diurnal 
cycle. Figure 2 shows the statistical analysis of scattering coefficients and black carbon 
concentrations grouped by hour of a day. Statistical analyses were carried out only for the non 
rainy days. The peaks in mean scattering coefficients were observed at 1100-1500 JST with 
the highest peak at 1300 JST. The cycle is even more pronounced when looking at the 75th 
and 95th percentile populations. 
It was suggested that number concentration of aerosol particles were reduced during 
morning and night time as a result of coagulation and highly reduced sources and OH  
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productions when there was little or no solar insolation [Iziomon and Lohmann, 2003]. During 
afternoon, sulfate formation from SO2 emissions from local power plants or refineries, 
photochemically driven productions of organic or N-containing particles were possible. The 
highest values of total particle number concentrations and scattering coefficients were noticed 
under clear skies relative to cloud sky and all sky conditions in increasing difference in the 
afternoon. It was observed that the frequency of westerly winds reaching the observation site 
was higher in afternoon that morning and night This suggested that photochemically driven 
aerosol production was the main reason for high peaks of scattering coefficients observed at 
afternoon in our study location. Further mass scattering efficiency of aerosols below 4.7m2g-1 
during afternoon (see section 3.3) suggested that sulfate aerosols were dominant. 
The pronounced morning peaks of black carbon concentrations observed at 
0500-0800JST might be the effects of local sources such as burning and vehicles.  
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Figure 2. Statistical analysis showing hourly averages of scattering coefficients (Upper) at 530nm and mass 
concentrations of black carbon (Lower) over the non rainy days of field campaign from 23 July to 5 September. 
Boxes are determined by the 25th and 75th percentiles, and whiskers are determined by the 5th and 95th percentiles. 
Close circles with the solid line and open circles show the daily mean and median of hourly averaged data 
respectively. 
 
 
 
95
 The calculated daily cycles of hourly averaged single scattering albedos from the 
information of daily cycles of hourly averaged scattering coefficients and hourly averaged 
absorption coefficients showed quite similarity with hourly averaged absorption coefficients 
but inversely related. This suggested that the single scattering cycle was being driven more by 
the variability in absorption coefficient than the variability in scattering coefficients. 
 
 
3.3. MASS SCATTERING EFFICIENCY OF DRY AEROSOLS AND 
MASS ABSORPTION EFFICIENCY OF BLACK CARBON 
From the hourly averaged size distributions of relatively dry aerosols with ambient RH 
less than 60%, we calculated the mass concentrations of aerosols considering the density of 
dry aerosols as 1.7gcm-3. Calculated mass concentrations were plotted against the scattering 
coefficients as shown in figure 3(left). An excellent correlation between mass concentration of 
aerosols and scattering coefficients with R2=0.93 was found. The estimated mass scattering 
efficiency was 4.7m2g-1. This value could be considered as the upper limit mass scattering 
efficiency of urban aerosols in Nagoya because the minimum detection size range of LPC 
instrument was 0.3μm and masses of aerosols below 0.3μm weren’t included. Since 
aerosols of the afternoon hours were comparatively dry and ambient relative humidity 
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Figure 3. Mass scattering efficiency of dry aerosols with relative humidity less than 60% (Left) and mass 
absorption efficiency of black carbon (Right). 
 
generally dropped below 60%. Thus the reported mass scattering efficiency could be 
considered as the representative value of aerosols of afternoon. The value falls within the 
range of sulfate scattering efficiency values of 2.4 to 4.7 m2g-1 reported in previous 
publications [Andrae et al., 2002]. Based upon this finding, it could be suggested that sulfate  
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formation from SO2 emissions from local power plants or refineries was the main 
phenomenon to increase particle number concentration and scattering coefficients during the 
afternoon in urban location of Nagoya.  
Absorption coefficients measured by PSAP were correlated with mass concentrations of  
absorbing aerosols measured by aethalometer at 571nm, 590nm, and 880nm. Excellent 
correlations were observed between two types of measurements and the best correlation was 
observed between PSAP absorption coefficient and aethalometer black carbon (measured at 
880nm) and value of absorption efficiency of black carbon was found to be 14.6 m2g-1 with 
R2=0.96. The estimated mass absorption efficiency of black carbon in this study falls within 
the range of reported mass absorption efficiency of 5-20 m2g-1 [Liousse et al., 1993]. Further, 
this value is comparable to the values of mass absorption efficiencies of other urban locations 
reported in literatures.  
 
4. CONCLUSION 
The measurement of aerosol radiative properties was performed over the urban area of 
Nagoya from 23 July 2004 to 5 September 2004. The measured scattering coefficients ranged 
from 5 Mm-1 to 222 Mm-1, resulting in a mean value with standard deviation of 52.3±
39.3Mm-1. Similarly the measured black carbon (measurement made by aethalometer at 
880nm wavelength) concentration ranged from 0.1μg/m3 to 8.0μg/m3 , resulting in a mean 
value with standard deviation of 1.7±1.25μg/m3. Mass absorption efficiency of black 
carbon was found to be 14.6 m2g-1 . Since PSAP data with Transmission (Tr>0.5) were not 
available for the entire field experiment, hourly averaged absorption coefficients of the entire 
field campaign were estimated from the information of black carbon concentrations and mass 
absorption efficiency of black carbon. The absorption coefficients ranged from 1.5 Mm-1 to 
116.6 Mm-1 , resulting in a mean value with standard deviation of 24.6±18.3 Mm-1.   
Light scattering coefficients of our study location was found to be comparable to the 
measurements of scattering coefficients observed in several urban areas of the United States 
over varying time periods during the 1970s which ranged from 30 to 210 Mm-1 [Waggoner et 
al., 1981]. On the other hand, the mean light scattering coefficients of the urban area of 
Nagoya was roughly 2 times lower than the mean value of 120 Mm-1 measured in Atlanta (a 
relatively polluted city in the USA) during August 1999 as a part of Atlanta SuperSite 
Experiment [Carrico et al., 2003], roughly 6 times lower than the mean value of 353Mm-1 
measured in Linan, China (Agriculture Yangtze delta region of China) during November 1999 
[Xu et al., 2002], and roughly 9 times lower than the mean value of 488 Mm-1 measured in 
Beijing, China during June 1999 [ Bergin et al., 2001]. 
Light absorption coefficients of our study location was found to be comparable to the 
absorption coefficients made at several urban locations of US over varying time periods 
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 during the 1970s which ranged from 27 to 118 Mm-1[Waggoner et al., 1981]. The mean 
value of absorption coefficients of our study location was higher than the mean value of 16 
Mm-1 in Atlanta, US reported by Carrico et al. [2003], comparable to the mean value of 23 
Mm-1 in Linan, China reported by Xu et al. [2002], and roughly 4 times lower than the mean 
value of 88 Mm-1 in Beijing, China reported by Bergin et al. [2001]. 
The diurnal pattern of scattering coefficients in the urban area of Nagoya was 
characterized by peak values during afternoon, which was suggested due to photochemicaly 
driven aerosol productions. The pronounced morning peaks of black carbon concentrations 
and absorption coefficients observed during morning were suggested due to the effects of 
local sources such as burning and vehicles.  
Overall, aerosols of Nagoya are characterized by high absorbing aerosols, which result to 
very low single scattering albedo and have a potential to warm our climate by absorbing solar 
radiation. 
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